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1. OBJECTIVES  
The oil-carrying field B3 in the southern Baltic Sea, which is currently exploited by LOTOS 
Petrobaltic S.A., is considered a potential industrial sub-seabed geologic carbon dioxide 
(CO2) storage site and  has been selected as a study area to assess the risk of CO2 leakage on 
marine environment within the EU RTD project ECO2 (www.eco2-project.eu). The 
architecture of capture rock formations (including depth range, porosity and permeability) and 
offshore location within the Cambrian floor provide a promising perspective for the carbon 
storage in the B3 field after its depletion. However, the potential of gas leaking from the 
reservoir to the surficial sediments and water column and its effect on the ecosystem are still 
poorly understood. Extensive field and laboratory study has been therefore set up within two 
Work packages (WP1 and WP4) to describe geological structure of the capture rock and to 
assess the influence of water acidification (increased CO2 level) on marine benthic biota. 
The first field campaign was organised to the B3 field in the southern Baltic Sea (Fig. 1) in 
June-September 2012; sailing from Gdansk and returning to Gdansk. Due to installation of 
new measurement instruments, adverse meteorological conditions and unexpected technical 
problems of the vessel the campaign was split into three separate cruises which took place on 
board the LOTOS Petrobaltic S.A. research vessel r/v "St. Barbara" in the following terms: 
1) 29.06-13.07.2012 (WP1) 
2) 22.07-4.08.2012 (WP1) 
3) 27.08-3.09.2012 (WP4). 
 
The primary objectives of the cruises were: 
within WP1 
1) to specify location of natural gas emissions from shallow and deep geological 
layers in the area of B3 field using hydroacoustical measurements of the bottom 
surface, sub-bottom layers and water column 
 
within WP4 
 1) to assess the structure of meio- and macrofaunal benthic communities as well as 











Fig. 1. Location of B3 field in the southern Baltic Sea (Hydrographic Office of the Polish 
Navy 1967, modified) 
  




Cruise 1) 29.06-13.07.2012 
Cruise chief: MSc Grzegorz Zajfert (LOTOS Petrobaltic S.A.) 
Survey crew of Petrobaltic – 3 persons 
Scientific staff: 
 Prof. UG, Dr. hab. Jarosław Tęgowski (Chief Scientist, UG) 
 Dr. Aliaksandr Lisimienka (technician, Maritime Institute in Gdańsk) 
 MSc Oskar Głowacki (PhD student, UG) 
 
Cruise 2) 22.07-4.08.2012 
Cruise chief: MSc eng. Kazimierz Grzesiak (LOTOS Petrobaltic S.A.) 
Survey crew of Petrobaltic – 3 persons 
Scientific staff: MSc Maria Rucińska-Zjadacz (PhD student) 
 
Cruise 3) 27.08-3.09.2012 
Cruise chief: MSc Paweł Sokólski (LOTOS Petrobaltic S.A.) 
Survey crew of Petrobaltic – 3 persons 
Scientific staff: Prof. UG, Dr. hab. Adam Sokołowski (Chief Scientist, UG) 
    MSc Marcelina Ziółkowska (PhD student, UG) 
    MSc Piotr Bałazy (technician, UG) 




All measurements and samplings were conducted from on board the LOTOS Petrobaltic S.A. 
vessel r/v “St. Barbara” (Fig. 2) of the following parameters: 
Length: 78.6 m, 
Breadth: 13.7 m, 
Draught: 5.0 m, 
Speed max. 14 kn, 
Power: 4 x 1830 bhp, 
Max persons: 43.  
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The vessel  is well adapted to geological and geotechnical works and underwater drilling. The 
set of sonars, echosounders and subbottom profilers allow conducting geological 
documentation of the sea floor.  
 
 




3. HYDROACOUSTICAL SURVEY 
The cruise was split into two separate parts due to installation of new measurement 
instruments, adverse meteorological conditions and technical problems of the vessel. During 
each survey there were conducted hydroacoustical measurements of subbottom structure, 
bottom surface and water body - searching for traces of gas. The speed of ship during the 
measurement was up to 4 kn. 
Equipment 
Hydroacoustical equipment used on board:  
1) chirp subbottom profiler (Edge-tech SB-0512),  
2) sidescan sonar (Edge-tech DP-4200),  
3) multibeam echosounder (Reson SeaBat 7125). 
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1) The subbottom profiler (Fig. 3) was used to detect gas lying in the sub-bottom layers to a 
depth of about 50 m below the surface of the bottom. Methodological details of 
measurements:  
frequency 2.0kHz-12 kHz,  
 fm pulse length 20 ms,  
 beam width (-3dB) 16°,  
 vertical resolution 8 cm.  
The output data were stored in “cod” digital format of Coda Octopus and copies  (echograms) 
of registration containing traces of gas in sediment were stored electronically in TIFF format.  
 
 
Fig. 3. Chirp subbottom profiler (Edge-tech SB-0512) 
 
2) The sidescan sonar (Fig. 4) created an image of large areas of the seafloor and provided 
information about the types of surface sediments, seafloor geomorphologic structures, 
ripplemarks, stones, mud volcanoes, etc. and locations of possible gas leakage from the 
bottom. The output data were stored in “cod” format. Methodological details of 
measurements:  
frequency 300/900 kHz dual simultaneous,  
horizontal beam width 300 kHz 0.28°, 900 kHz - 0.2°, 
resolution along track 300 kHz 1.3 m @ 150 m, 900 kHz: 18 cm @ 50 m, 
resolution across track 300 kHz 3 cm, 900 kHz: 1 cm. 
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Fig. 4. Sidescan sonar (Edge-tech DP-4200) 
 
3) The multibeam echosounder was used to determine a precise bathymetric model of B3 
field area and angular dependence of acoustical signal backscattered intensity - information 
useful for determining geo-acoustical properties of sediments. In addition, acoustical signals 
scattered on objects floating in the water column – e.g. gas bubbles rising from the bottom 
were recorded. For registration of MBES data in format s7k QINSy hydrographic software 
was used. Before and during each survey hydroacoustical equipment was routinely calibrated. 
The basic parameters of multibeam echosounder are as follows: 
frequency 400 kHz,  
along-track transmit beamwidth 2° at 200kHz & 1° at 400kHz, 
across-track receive beamwidth 1° at 200kHz & 0.5° at 400kHz, 
number of beams 512EA/ED at 400kHz, 256EA/ED at 200kHz, 
max swath angle 140° (165°), 
typical depth 0.5m to 150m at 400kHz, 0.5m to 400m at 200kHz, 
max depth 175m at 400kHz, 450m at 200kHz. 




All hydroacoustical measurements were performed during movement of the ship along the 
perpendicular transects (Fig. 5). The transects for both hydroacoustical cruises are listed in 
Table.1.  
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Fig. 5. The transects of hydroacoustical survey in the B3 field 
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Table 1. Geographical positions of acoustical transects. 
































































































































































































































































































































































































































































































































































































































































































































All goals have been met successfully. All transects were completed except three which were 
limited due to due underwater constructions (oil rigs). Measurements were conducted 
simultaneously providing consistent information on the structure of a top layer of bottom 
sediments (subbottom profiler), bottom surface (2D scan – sidescan sonar) as well as  precise 
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bathymetry, intensity of backscattered acoustical signal and gas fluxes in the water column 
(multibeam echosounder). 
 
Preliminary results  
The first results of subbottom profiler data processing delivered information on spatial 
distribution of gas diffusion chimneys and sea bottom effusion craters in the investigated area 
(Fig.6). 























Fig. 6. Southern Baltic oil field B3 (border depicted by black solid line). Star points show 
positions of gas diffusion chimneys and bottom sea craters. The blue and green dots are 
starting and finishing points of 138 hydroacoustical transects which are perpendicular?? to the 
main axis of the field. 
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Two examples of vertical hydrocarbon migration zones are presented in Figures 7 and 8 while 




Fig. 7. The sea crater and top part of gas diffusion chimney. The position of this structure is 




Fig. 8. The sea crater and top part of gas diffusion chimney. The position of this structure is 













Fig. 9. The mosaic map of seafloor part at B3 area 
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4. BIOGEOCHEMICAL SURVEY 
Twenty three sites within an area of the B3 field (Fig. 10) were sampled for overlying-bottom 
water, surface sediments and pore waters between August 27, 2012 and September 3, 2012 




Fig. 10. Location of sampling sites in the B3 field (border depicted by blue line) for biological 
and geochemical measurements (WN32 coordinates) 
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Exception was site 5 where only hydrological parameters in the overlying-bottom water were 
measured in situ. Sampling sites were selected to represent a range of bottom sediment types 
(Fig. 11) and areas where gas diffusion chimneys and sea bottom effusion craters had been 
identified with hydroacoustical methods during the previous cruises (WP1). 
 
Table 2.  Details of sampling in the B3 field 









(m) Geographical position 
29.08.2012 08:30 1 S1A_4495 H, G-Ch, B*  81 55°31.700' N 18°12.170' E 
 10:28 2  H, B 84 55°30.948' N 18°14.202 E 
 12:04 3  H, B 82 55°30.448' N 18°13.370' E 
 13:12 4  H, B 80 55°30.312' N 18°11.742' E 
 14:38 5 P15_2678 H 84 55°32.309' N 18°13.910; E 
 15:50 6 P23_1735 H, G-Ch, B 86 55°32.382' N 18°15.466' E 
 17:46 7  H, B 83 55°31.517' N 18°13.901' E 
30.08.2012 10:42 8  H, B 81 55°29.653' N 18°11.304' E 
 11:05 9 S7A_5209 H, G-Ch, B 84 55°30.523' N 18°14.286' E 
31.08.2012 12:08 10 S2_4619 H, G-Ch, B 85 55°30.615' N 18°15.091' E 
30.08.2012 15:37 11  H, G-Ch, B 83 55°30.070' N 18°14.257' E 
 17:25 12  H, B 83 55°29.892' N 18°12.658' E 
 18:44 13  H, B 81 55°29.043' N 18°12.597' E 
31.08.2012 08:24 14  H, B 81 55°28.156' N 18°11.576' E 
 13:00 15  H, G-Ch, B 81 55°28.930' N 18°10.480' E 
 14:37 16  H, B 79 55°27'976' N 18°09.761' E 
 15:10 17  H, G-Ch, B 80 55°27.119' N 18°10.329' E 
 17:14 18  H, B 80 55°25.998' N 18°09.442' E 
01.09.2012 07:52 19 P29A_1096 H, G-Ch, B 88 55°32.611' N 18°16.120' E 
 09:40 20  H, G-Ch, B 81 55°32.232' N 18°16.479' E 
 11:15 21  H, B 86 55°31.674' N 18°15.451' E 
 13:03 22  H, G-Ch, B 81 55°31.106' N 18°12.524' E 
 15:30 23  H, B 81 55°27.029' N 18°08.948' E 
* H - hydrological measurements in the overlying-bottom water 
 G-Ch - geochemical measurements in the overlying-bottom water and surface sediments 













- sand-silt-gravel on the subaqual loam 
 
- marine clayey silt on the marine clays and silty clays of the 
  Yoldia sea and Ancylus lake 
 
- iron-manganese (Fe-Mn) nodules 
 
- clayey silt 
 
Fig. 11. Oil-carrying field B3 in the southern Baltic Sea B3 (border depicted by red line) on 
the map of surface sediments (Geological Atlas of the Southern Baltic 1995 modified) 
 
 
4.1. Hydrological parameters 
Overlying-bottom water was sampled by means of a modified 5 dm3 Teflon GoFlo water 
sampler (Niskin type) equipped with metal end stoppers and Teflon sealed polyethylene 
valves. Equipment was modified to collect overlying-bottom water samples at a constant 
height of 20 cm above the sea bottom. The closure of the sampler was controlled by a 20 cm 
long polypropylene rope and plastic-lined metal counterweight. When the rope touched the 
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sediment the counterweight closed the valves of the sampler, whereby the sampler remained 
in its original position to prevent entrance of material resuspended from the sediment (mobile 
surface sediments and biogenic “fluff”) due to usage of the sampler. At each site, basic 
hydrological parameters of overlying-bottom water, including temperature, salinity, dissolved 
oxygen concentration, pH and Eh were recorded with a WTW Multiline P4 analyser, YSI 
Model 58 dissolved oxygen meter and Eh meter. In addition, the same hydrological 
parameters were measured in water at a distance of 5 cm above the sea floor which was 
collected with a standard Niemistö gravity corer with an internal diameter of 76 mm (Fig. 12). 
 
 
Fig. 12. Niemistö corer used to sample surface sediments and overlying bottom water 
 
 
4.1. Geochemical measurements 
Sediment samples were collected in four replicates from ten sites (1, 6, 9, 10, 11, 15, 17, 19, 
20, 22) using plexi-glass tubes with a Niemistö gravity corer. Immediately after taking the 
samples one replicate was divided into 1 cm thick slices from the surface to the depth of 5 cm 
and into 5.0-7.5 cm, 7.5-10.0 cm and 10.0-15.0 cm slices in the deeper part of the sediment 
core. Reduction potential was directly recorded in each layer and then the subsamples were 
frozen separately in dense polyethylene bags at -20°C for determination of granulometric 
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structure, moisture content (W), loss of ignition (LOI) and C, N, P and chlorophyll a (chl a) 
contents. Sediment samples for methane concentration were taken from the second sediment 
core. Sub-sections of wet sediment from three surface layers: 0-2.5, 2.5-5.0 and 5.0-7.5 cm 
were transferred to headspace vials containing 2.5% NaOH. The vials were closed 
immediately with rubber stoppers and stored in dark at 4oC until analysis. Pore waters from 
five sediment layers (0-2.5 cm, 2.5-5.0 cm, 5.0-7.5 cm, 7.5-10.0 cm and 10.0-12.5 cm) were 
sampled directly from two remaining sediment cores using standard CSS Rhizons (5 cm 
porous part, diameter 2.5 mm; Fig. 13). 
 
 
Fig. 13. CCS rhizons for sampling interstitial water from the Niemistö corer 
 
 
Pore water samples for dissolved inorganic and organic carbon (DIC and DOC) 
measurements were filtered through Millipore glass-fiber filters (0.22 µm) and stored in dark 
at 4oC until analysis. Concentrations of hydrogen sulphide, phosphates, ammonia, nitrites, 
sulphates and total alkalinity in pore waters were measured in two or three replicates on 
board. Each sample was diluted with distilled water or oxygen-free water in the case of H2S. 
Hydrogen sulphide concentration was analysed using methylene blue colorimetric method 
(Parsons et al. 1989) while dissolved phosphates were measured by molybdenum blue 
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colorimetric method (Hansen and Koroleff 1999). Ammonia was determined by modified 
indophenol blue spectrophotometric method (Koroleff 1983). Nitrites were measured via the 
diazo reaction based on the method of Grasshoff (1983) and sulphate measurements were 
performed on the basis of the colorimetric method with barium chloride. Total alkalinity was 
determined through an acidimetric titration (0.01M HCl) according to Anderson et al. (1999). 
The same analyses were made simultaneously in the overlying-bottom water. 
 
 
4.3. Biological samples 
Surface sediments for biological analysis (0-30 cm) were sampled in triplicate with a Van 
Veen grab (with penetration enhanced by 32 kg; 0.1 m2 surface area). The top 30 cm section 
represents the fraction of the sediments that most benthic invertebrates can penetrate and is 
the biological relevant portion of the sediment. Sediments were gently wet sieved through a 1 
mm mesh size net to reduce the amount of sediment and inorganic debris, and to sort out the 
macrobenthic organisms, which were then preserved in polyethylene vials with 4% buffered 
formaldehyde. Special care was taken to remove delicate or enmeshed specimens from the 
sieve mesh. In addition, the top 5 cm thick core was taken in four replicates with a 
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captain and crew of the research vessel "St. Barbara" for their assistance during sampling and 
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Atomic Energy Community, Seventh Framework Programme (FP7/2007-2013, FP7/2007-
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